Objective: To compare the reliability and validity of two classification systems used to evaluate the quality of mammograms: PGMI ('perfect', 'good', 'moderate' and 'inadequate') and EAR ('excellent', 'acceptable' and 'repeat'). Setting: New South Wales (Australia) population-based mammography screening programme (BreastScreen NSW). Methods: Thirty sets of mammograms were rated by 21 radiographers and an expert panel. PGMI and EAR criteria were used to assign ratings to the medio-lateral oblique (MLO) and cranio-caudal (CC) views for each set of films. Inter-observer reliability and criterion validity (compared with expert panel ratings) were assessed using mean weighted observed agreement and kappa statistics. Results: Reliability: Kappa values for both classification systems were low (0.01-0.17). PGMI produced significantly higher values than EAR. Agreement between raters was higher using PGMI than EAR for the MLO view (77% versus 74%, Po0.05), but was similar for the CC view. Dichotomized ratings ('acceptable' or 'needs repeating') did not improve reliability estimates. Validity: Kappa values between raters and the reference standard were low for both classification systems (0.05-0.15). Agreement between raters and the reference standard was higher using PGMI than EAR for the MLO view (74% versus 63%), but was similar for the CC view. Dichotomized ratings of the MLO view showed slightly higher observer agreement. Conclusions: Both PGMI and EAR have poor reliability and validity in evaluating mammogram quality. EAR is not a suitable alternative to PGMI, which must be improved if it is to be useful.
T
he objective of population mammography screening is the early detection of breast cancer and consequent reduction in breast cancer mortality. [1] [2] [3] Consistent production of high-quality mammograms that allow optimal visualization of breast tissue is critical to the success of screening programmes. Constant case-by-case assessment of mammogram quality, with immediate corrective measures and repeat imaging where required, is a feature of a highquality screening programme. 4 Evaluation of image quality is also essential in mammography training programmes in order to facilitate the development of standards of excellence, both during training and in subsequent practice. 5 Mammogram quality is affected by the positioning of the breast, which determines the amount of breast tissue included on the film, and by imaging technique, which produces, records and displays the differing breast tissue components. 6 The criteria for assessing mammogram quality have previously been identified. 4, 7, 8 Criteria used to assess breast positioning relate to adequate visualization of the pectoral muscle and inframammary fold, profiling of the nipple, and spreading of the glandular tissue. 4, 7 Criteria used to assess the imaging technique relate to mammographic equipment, film and its processing, and include optical density, contrast, image sharpness, breast compression, processing and film artefacts. 4, 6 Inadequate film density has been found to result in missed diagnosis of small breast cancers. 9 Cancer detection sensitivity has also been shown to be related to breast positioning. 10 Using standard criteria to evaluate mammographic image quality allows comparisons between radiographers and between breast screening facilities. It is vital that methods used to evaluate image quality are both reliable and valid.
In the absence of any other established methods or tools for evaluating mammogram quality, the PGMI classification system used in the UK 11 has been adapted for use with twoview mammography (medio-lateral oblique [MLO] and cranio-caudal [CC] ) by BreastScreen Australia Screening and Assessment Services (SASs) in routine quality control and in education modules for radiographers. This classification system is used to classify films into four grades of image quality: 'perfect', 'good', 'moderate' and 'inadequate' (Appendix 2).
A modified classification system, EAR, was developed by a group of NSW tutor radiographers and is also currently used in BreastScreen NSW. 12 EAR ('excellent', 'acceptable', 'repeat') redefined PGMI by amalgamating the 'good' and 'moderate' categories of PGMI into 'adequate' following an image criteria exercise which found the G and M categories of PGMI to be insufficiently different (Appendix 2). Tutors also felt that the category 'perfect' was not easily attainable and that 'excellent' was more appropriate. The 'inadequate' category of PGMI did not always relate to whether the film should be repeated, and therefore the category 'repeat' was felt to more clearly evaluate the status of the film.
There is inherent subjectivity in decision-making and potential inconsistencies in interpretation using these Objective: To compare the reliability and validity of two classification systems used to evaluate the quality of mammograms: PGMI ('perfect', 'good', 'moderate' and 'inadequate') and EAR ('excellent', 'acceptable' and 'repeat').
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Methods: Thirty sets of mammograms were rated by 21 radiographers and an expert panel. PGMI and EAR criteria were used to assign ratings to the medio-lateral oblique (MLO) and cranio-caudal (CC) views for each set of films. Inter-observer reliability and criterion validity (compared with expert panel ratings) were assessed using mean weighted observed agreement and kappa statistics.
Results: Reliability: Kappa values for both classification systems were low (0.01-0.17). PGMI produced significantly higher values than EAR. Agreement between raters was higher using PGMI than EAR for the MLO view (77% versus 74%, Po0.05), but was similar for the CC view. Dichotomized ratings ('acceptable' or 'needs repeating') did not improve reliability estimates. Validity: Kappa values between raters and the reference standard were low for both classification systems (0.05-0.15). Agreement between raters and the reference standard was higher using PGMI than EAR for the MLO view (74% versus 63%), but was similar for the CC view. Dichotomized ratings of the MLO view showed slightly higher observer agreement.
Conclusions: Both PGMI and EAR have poor reliability and validity in evaluating mammogram quality. EAR is not a suitable alternative to PGMI, which must be improved if it is to be useful.
In the absence of any other established methods or tools for evaluating mammogram quality, the PGMI classification system used in the UK 11 has been adapted for use with twoview mammography (medio-lateral oblique [MLO] and cranio-caudal [CC]) by BreastScreen Australia Screening and Assessment Services (SASs) in routine quality control and in education modules for radiographers. This classification system is used to classify films into four grades of image quality: 'perfect', 'good', 'moderate' and 'inadequate' (Appendix 2).
There is inherent subjectivity in decision-making and potential inconsistencies in interpretation using these classification systems. The adequacy of the evaluation criteria has been questioned; 13, 14 however, no studies have examined the reliability or validity of PGMI. Accordingly, the aims of this study are to evaluate and compare the interobserver repeatability and criterion validity of PGMI and EAR, in order to recommend a valid and reliable system for use within the BreastScreen NSW Programme.
METHODS
BreastScreen NSW is part of BreastScreen Australia and consists of 10 SASs covering all geographic areas of rural and urban NSW. Screening mammography is provided without charge to women aged 40 years or more and resident in NSW. Women in the target age group (50-69 years) are invited through the electoral roll; eligible younger and older women are screened on request.
BreastScreen NSW employs two-view mammography using MLO and CC projections. Assessment of mammogram quality in the BreastScreen NSW Programme occurs formally as part of quality review processes and during training programmes, as well as informally on a day-to-day basis by SAS radiographers who decide whether films are of an acceptable quality or need to be repeated. The national standards of BreastScreen Australia stipulate that all mammograms are evaluated using PGMI.
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All tutor radiographers in the BreastScreen NSW SASs were invited to use two classification systems for assessing mammogram quality -PGMI and EAR -to rate a group of mammograms comprising 30 sets of routine screening mammogram films randomly selected from two SAS catchment areas. It should be noted that technical recall to assessment in the BreastScreen NSW Programme is not based on scores from the PGMI or EAR systems, but on a clinical assessment of films by a senior radiographer or radiologist.
Mammogram sets were numbered and all identifying information was removed. Each set of mammograms contained MLO and CC views of each breast. This group of mammograms was sent to NSW SASs sequentially between February 2001 and February 2002. Copies were not used because uniform film quality could not be guaranteed. Tutor radiographers were chosen as raters because they regularly use PGMI during formal training programmes and are the group most familiar with the criteria. Twenty-one tutor radiographers (68%) from seven SASs (70%) participated in the study. The remaining tutor radiographers were unavailable to rate the set.
Ratings were performed in two rounds: PGMI was used to rate films in the first round and EAR in the second. After assessing each set of films, an overall rating was assigned for each of the MLO and CC views. These ratings were entered onto a standard data sheet by each tutor radiographer, which was then returned to BreastScreen NSW. At the completion of the first round, different numbers were assigned to each set of mammograms by a non-participating staff member. The group of mammograms was then re-sent for the second round of assessments. For PGMI, the overall rate of 'P' and 'G' ratings as a proportion of all ratings (PG/ PGMI) was 54% (National Accreditation Standard is X50%), and the rate of 'I' as a proportion of all ratings (I/ PGMI) was 6% (National Accreditation Standard is o3%).
An expert panel comprising two senior radiographers and the BreastScreen NSW State Radiologist applied criteria from PGMI and EAR and determined a 'reference standard' rating by consensus for each of the 30 mammograms.
Interobserver repeatability was used to indicate reliability and was assessed using weighted observed agreement and the weighted kappa statistic for categorical variables. 16 The weighted kappa statistic was used as it allows for the effect of chance when assessing agreement. Weights were assigned according to the degree of agreement or disagreement for each pair of ratings compared (Appendix 1). 17 This allows for equitable comparisons between systems with different numbers of categories and therefore different potential for agreement or disagreement. Conventionally, kappa values >0.60 are taken to indicate substantial agreement; kappa values of 0.20-0.60 are taken to indicate fair to moderate agreement; and kappa values o0.20 are taken to indicate poor agreement. 18 Iterations were performed using Stata statistical software 19 for all 210 inter-rater comparisons. Mean values for observed agreement and kappa (and 95% confidence intervals [CIs]) were calculated from the resulting distributions produced for the MLO and CC views, after the PGMI and EAR criteria were applied to rate the set of films. Statistically significant differences between PGMI and EAR were inferred where calculated 95% CIs did not overlap.
Because PGMI and EAR criteria are not strictly equivalent, comparisons of weighted observed agreement and weighted kappa between reference standard ratings for both systems could not be performed. However, reference standard ratings for PGMI and EAR can be reasonably compared after dichotomization on an 'acceptable' versus 'needs repeating' basis, as used during routine mammography practice. Therefore, analyses were also performed with ratings dichotomized as 'acceptable' or 'needs repeating'.
For PGMI, 'perfect', 'good' and 'moderate' ratings were re-categorized as 'acceptable', and 'inadequate' ratings as 'needs repeating'. For EAR, 'excellent' and 'acceptable' ratings were re-categorized as 'acceptable' and 'repeat' ratings as 'needs repeating'. Mean values, standard errors and 95% CIs for unweighted observed agreement and kappa were also calculated for these distributions.
Criterion validity was assessed using weighted observed agreement and the weighted kappa statistic. 16 For MLO and CC views, the reference standard (from the expert panel) rating for each film using PGMI and EAR was compared with the rating given by each tutor radiographer, and mean values for observed agreement and kappa calculated from the resulting distribution. Iterations were performed for all 21 comparisons. These comparisons were repeated after ratings were dichotomized as described above, and mean values, standard errors and 95% CI for unweighted observed agreement and kappa were calculated.
RESULTS
Both PGMI and EAR had poor reliability and validity in evaluating mammography. PGMI had slightly higher reliability estimates than EAR; however, agreement between raters and the reference standard for both PGMI and EAR were low (kappa valueso0.15).
Reliability
Overall, the mean weighted observed agreement varied from 74% to 77% (Table 1) . Agreement was higher with PGMI than EAR for the MLO view (77% compared with 74%). Although mean weighted kappa was significantly higher for the MLO view when PGMI was used compared classification systems. The adequacy of the evaluation criteria has been questioned; 13, 14 however, no studies have examined the reliability or validity of PGMI. Accordingly, the aims of this study are to evaluate and compare the interobserver repeatability and criterion validity of PGMI and EAR, in order to recommend a valid and reliable system for use within the BreastScreen NSW Programme.
METHODS
BreastScreen NSW employs two-view mammography using MLO and CC projections. Assessment of mammogram quality in the BreastScreen NSW Programme occurs formally as part of quality review processes and during training programmes, as well as informally on a day-to-day basis by SAS radiographers who decide whether films are of an acceptable quality or need to be repeated. The national standards of BreastScreen Australia stipulate that all mammograms are evaluated using PGMI. 15 All tutor radiographers in the BreastScreen NSW SASs were invited to use two classification systems for assessing mammogram quality -PGMI and EAR -to rate a group of mammograms comprising 30 sets of routine screening mammogram films randomly selected from two SAS catchment areas. It should be noted that technical recall to assessment in the BreastScreen NSW Programme is not based on scores from the PGMI or EAR systems, but on a clinical assessment of films by a senior radiographer or radiologist.
Interobserver repeatability was used to indicate reliability and was assessed using weighted observed agreement and the weighted kappa statistic for categorical variables. 16 The weighted kappa statistic was used as it allows for the effect of chance when assessing agreement. Weights were assigned according to the degree of agreement or disagreement for each pair of ratings compared (Appendix 1). 17 This
18
Iterations were performed using Stata statistical software 19 for all 210 inter-rater comparisons. Mean values for observed agreement and kappa (and 95% confidence intervals [CIs]) were calculated from the resulting distributions produced for the MLO and CC views, after the PGMI and EAR criteria were applied to rate the set of films. Statistically significant differences between PGMI and EAR were inferred where calculated 95% CIs did not overlap.
RESULTS
Reliability
Overall, the mean weighted observed agreement varied from 74% to 77% (Table 1) . Agreement was higher with PGMI than EAR for the MLO view (77% compared with 74%). Although mean weighted kappa was significantly higher for the MLO view when PGMI was used compared Validity and reliability of two image classification systemswith EAR (Po0.05), values were low for both image classification systems, varying from 0.01 to 0.17 (Table 1) .
After ratings were dichotomized as 'acceptable' or 'needs repeating', mean observed agreement was significantly higher with PGMI than EAR for both MLO (86% versus 71%, Po0.05) and CC views (90% versus 86%, Po0.05; Table 1 ). There was no difference in mean weighted kappa after dichotomization. Again, mean kappa values were very low, varying from À0.005 to 0.01 (Table 1) .
Criterion validity
Mean weighted observed agreement when raters were compared with the reference standard varied from 63% to 74% (Table 2 ). Agreement was significantly higher in PGMI than EAR for the MLO view (74% versus 63%, Po0.05; Table 2 ). There were no significant differences in mean weighted kappa values for PGMI and EAR for the MLO view, with values varying from 0.05 to 0.15 (Table 2) .
Mean weighted kappa values were also low for PGMI and EAR for dichotomized ratings, varying from À0.04 to 0.05 (Table 2 ). Mean observed agreement was significantly higher in PGMI than EAR for the MLO view (74% compared with 55%) for dichotomized ratings, but not for the CC view (Table 2) .
When dichotomized reference standard ratings of PGMI and EAR were compared there was moderate agreement, with kappa values for MLO and CC views of 0.44 (95% CI 0.15-0.74) and 0.52 (95% CI 0.16-0.88), respectively (not shown in tables).
DISCUSSION
This study represents the first published attempt to evaluate the reliability and validity of PGMI used to rate mammogram quality. Indeed, it was concerns about the reliability of PGMI that prompted a review of the criteria used and the development of EAR. It was hypothesized that EAR would reduce the potential for subjectivity when assessing mammogram quality by simplifying the image classification process.
The principal findings of the study are that although reasonable percentages of agreement were observed, both EAR and PGMI have poor reliability and validity after correcting for the effects of chance using the kappa statistic, and that hypothesized reductions in rater subjectivity using EAR did not occur. The reliability and validity of EAR (as shown by mean kappa values) was generally poorer than that of PGMI, indicating that EAR was not a suitable alternative.
These findings were replicated when tutor radiographers' ratings were dichotomized on an 'acceptable' versus 'needs repeating' basis, that is, on a 'perfect-good-moderate' versus 'inadequate' basis for PGMI and an 'excellent-adequate' versus 'repeat' basis for EAR. There was also only moderate agreement between dichotomized PGMI and EAR reference standard ratings after correcting for the effects of chance. This indicates that even experts reach different conclusions about image quality when using these systems to rate the same films.
There was a reasonably good study participation rate (68%) by tutor radiographers and SASs (78%). There were with EAR (Po0.05), values were low for both image classification systems, varying from 0.01 to 0.17 (Table 1) . After ratings were dichotomized as 'acceptable' or 'needs repeating', mean observed agreement was significantly higher with PGMI than EAR for both MLO (86% versus 71%, Po0.05) and CC views (90% versus 86%, Po0.05; Table 1 ). There was no difference in mean weighted kappa after dichotomization. Again, mean kappa values were very low, varying from À0.005 to 0.01 (Table 1) .
Criterion validity
DISCUSSION
There was a reasonably good study participation rate (68%) by tutor radiographers and SASs (78%). There were no known fundamental differences between tutor radiographers who participated in the study and those who did not. It is therefore unlikely that the results would have differed had the remaining 10 tutor radiographers participated in the study. Tutor radiographers were selected as the group of raters for this study because of their level of understanding of the criteria and their application of these criteria in teaching and quality assurance processes. Although other radiographers working at screening sites routinely use PGMI to rate films on an 'acceptable' versus 'needs repeating' basis, these radiographers were assumed to be less familiar with the rating instruments. The findings of this study are the cause for considerable concern and further investigation is required. Achieving consistently high standards of mammography is recognized as an important factor in the detection of small cancers. 10 Classification systems are required to allow reliable and accurate monitoring and comparison of standards both between and within services. At the service delivery level, inconsistent decision-making about mammogram quality may result either in films being repeated unnecessarily, or in films of suboptimal diagnostic quality being accepted for reporting. This in turn may lead to either unnecessary irradiation of breast tissue and patient anxiety, or missed cancers due to inadequate image quality.
Clearly, the reliability of PGMI must be improved if it is to continue to be used to evaluate mammogram image quality within the BreastScreen NSW Programme. Improvements to further reduce the potential for subjectivity when classifying film quality could result from work in a number of areas, including explicit weighting of criteria and development of a decision pathway. For example, adequate visualization of breast tissue in a film series may be stipulated as the primary criterion on which all subsequent decisions regarding film quality are dependent. Furthermore, it may be advisable to limit the application of PGMI to either a training tool for radiographers or, in clinical situations, a means for deciding whether films need repeating or not. The PGMI criteria are likely to be applied differently in these contexts. An alternative approach is to develop an entirely different system for assessing mammogram image quality. Regardless of which approach is taken, any new or modified criteria developed to assess mammogram quality will need to be subjected to rigorous assessment of reliability and validity prior to being used as a standard imaging evaluation criteria in mammography.
APPENDIX1
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